Takotsubo syndrome is a reversible acute heart failure frequently precipitated by an emotional or physical stress. The clinical presentation resembles acute coronary syndrome. Pathogenesis is complex and may involve brain-heart axis and neuro-hormonal stunning of the myocardium. Coronary angiography reveals normal epicardial arteries with no obstruction or spasm. NT-ProBNP maybe remarkably elevated. Regional wall motion akinesia (RWMA) of left ventricle extends beyond the territory of one coronary artery. Reduced left ventricle ejection fraction (LVEF) and RWMA recover in 6-12 weeks. Prognosis is generally good. Recent meta-analysis shows in-hospital mortality of 1-4.5% and recurrence rate of 5-10% during five year follow-up.
and in-hospital mortality is estimated as 4.5%. 3 There are no standard guidelines on management of TS.
Epidemiology
TS was first described by a Japanese cardiologist in 1990. 4 Many case reports and cases series followed initial description. 5 
Aetiology and pathogenesis
The exact aetiology is not known. Normal myocardium utilizes 90% of its energy from fatty acid metabolism and only 10% from glucose metabolism. In TS, there appears to be a shift towards glucose pathway with impaired fatty acid metabolism.
Pathophysiology of TS is complex and involves 'brain heart axis' which is still poorly understood. A significant emotional stress, physical trigger or neurological/psychiatric illness typically precedes the development of TS (Table 1) . Over 90% emotional events are negative e.g. death of near relative, motor vehicle accident with psychological trauma, natural disasters, fear, anger on familial conflicts, retirement etc. Such events, leading to TS (labelled as 'broken heart syndrome') are responsible for 90% emotional conflicts. 10 Lesser than 10% of emotional triggers are joyful events like birthday ceremonies, wedding anniversaries, winning a jackpot lottery, unexpected joyful meetings with a friend or relation. The joyful events resulting in TS constitute 'Happy Heart Syndrome'. 11 Many a times the trigger is physical e.g. recent surgery, stay in ICU, stroke, severe psychotic illness, exacerbation of chronic disease like asthma, newly diagnosed serious illness etc. All these emotional and physical events act as triggers which act on heart via brain and stress-induced catecholamine release. The brain-heart axis involves cortex and subcortical areas including amygdale, hippocampus, basal ganglia and hypothalamus in the initial processing of emotional triggers and results in neuro-hormonal stunning of the myocardium. Intra-cranial pathology, particularly subarachnoid haemorrhage (SAH) may produce clinical picture of TS by neurogenic stunning of myocardium.
Several mechanisms have been proposed to explain the pathogenesis of Takotsubo cardiomyopathy characterized by apical ballooning of left ventricle.
Catecholamine theory
Due to severe emotional or physical stress, overstimulation of hypothalamus pituitary adrenal axis occurs and results in excessive release of catecholamine. Elevated plasma levels of epinephrine and norepinephrine have been demonstrated during the acute phase. 12 Acute onset of TS and its association with pheochromocytoma or paraganglioma have also suggested that TS may be catecholamine induced myocardial dysfunction. 13 Hypercatecholamines results in myocardial stunning and apical ballooning syndrome (ABS). Histological findings on endomyocardial biopsy of TS show necrosis of contraction bands and infiltration by mononuclear cells. Similar findings are seen in experimental and clinical catecholamine cardiotoxicity. 14, 15 Apical portion of LV has the highest concentration of adreno-receptors which explains why catecholamines have maximal effect on the apical portion of the LV resulting in apical akinesia, dilatation and ballooning. Catecholamine excess leads to subtle metabolic changes at cellular level. B2-adrenoreceptor mediated GS proteins signalling (+ve inotropic)
is converted to G1 protein signalling (-ve inotropic) leading to reduced myocardial contractility and LV dysfunction. 16 
Myocardial bridging and myocardial oedema
Myocardial bridging occurs when a coronary artery tunnels through the myocardium rather than overlying and resting on it. This occurs maximally in left anterior descending artery (LAD). Myocardial bridging is normally regarded as a congenital anomaly with no adverse hemodynamic effects. Myocardial bridging may be complete or partial when a segment of coronary artery passes in the tunnel under cover of underlying myocardium. Migliore et al. 17 recently studied 42 consecutive patients of apical ballooning syndrome (ABS) by echocardiography (ECHO), coronary angiography (CAG) with intravascular ultrasound (IVUS), computer tomography angiography (CTA) and cardiac magnetic resonance (Cardiac MR). Myocardial bridging was seen both by CAG and mostly by CTA in 32 ABS patients (76%); 23 with partial and 9 with complete encasement. It was compared with 401 control patients without ABS where CTA demonstrated myocardial bridging in 31% patients (p < 0.001). The authors proposed the role of myocardial bridging as potential factor in the pathogenesis of ABS.
Myocardial oedema is characteristic feature in patients with TS/ ABS and can be demonstrated by cardiac magnetic resonance. Myocardial oedema, predispose TS patients to develop T wave inversion, QT prolongation and often life Àthreatening arrhythmias (LTA). 18, 19 
Microvascular dysfunction
Active TS may be due to microvascular spasm/constriction/ microemboli. Microvascular dysfunction could be secondary to excessive release of epinephrine. 20, 21 Myocardial contrast echocardiography and myocardial single photon emission computed tomography have shown myocardial perfusion defect at microvascular level.
Left ventricle outflow tract obstruction (LVOTO)
Development of transient mid-cavity obstruction can divide the LV into two cavities with increased wall pressure/stress in the distal apical portion. 22 However LVOTO is a consequence rather than the cause of TS.
Hormonal and genetic factors
A recent update on Takotsubo syndrome confirmed female preponderance (88.7%) which suggest a role of various reproductive hormones in the pathogenesis of TS. 23 There is also close association between pheochromocytoma and Takotsubo cardiomyopathy. Rare occurrence of TS in siblings and close family relations may indicate a role of genetic factors in pathogenesis of TS. [24] [25] [26] [27] 3.6. Role of hypovolemia, hyponatremia and syndrome of inappropriate hyper-secretion ADH (SIADH) in takotsubo syndrome Falola et al. 28 analyzed 1724 patients of Takotsubo syndrome for precipitating factors. TS was associated more often with various precipitating factors including anxiety, depression, panic mood disorders, heart failure, hyponatremia, hypovolemia, acidosis, alcohol withdrawal, epilepsy, neurologic disorders and cancer while traditional risk facts like obesity, hypertension, diabetes, smoking were less common. The authors proposed a new hypothesis/mechanism involving hypovolemia, hyponatremia and inappropriate hypersecretion of antidiuretic hormone (ADH) in the genesis of TS. Leva et al. 29 have described a case who developed hyperacute phase of Takotsubo syndrome following peripheral angioplasty on the femoral artery. The procedure was complicated by major bleeding and hypovolemic shock. Though the left arm blood pressure was not recordable, the central arterial pressure was increased. Simultaneous thoracic echocardiography and cardiac catheterization showed basal hyperkinesis of left ventricle, LV apical akinesia, systolic anterior motion (SAM) of mitral leaflet and severe intraventricular gradient. The authors hypothesized that severe hypovolemia was the basic factor which resulted in increased peripheral resistance and release of catecholamines. The patho-physiologic cascade as described above resulted in stretching effect on LV apex leading to apical ballooning and heart failure. 
Cancer and takotsubo syndrome
Prevalence of cancer (primary or metastasis) was studied amongst 114 consecutive patients with TS; 16 patients (14%) had malignancy at the time of clinical presentation of TS while another 11 patients (9.6%) developed cancer on follow up. 13 At molecular level, catecholamines may target tumour cells for growth.
Carbohydrate antigen 125 (CA 125) in TS
Carbohydrate-antigen 125 (CA 125) is a tumour marker normally used in the follow up of patients especially with ovarian cancer to monitor the efficacy of tumour therapy. Possible role of CA 125 in TS was studied by Santoro et al. 30 Serum levels of CA 125
in 63 consecutive patients of TS were measured at admission in acute phase and on follow up for a median duration of 139 days. CA 125 levels at admission were inversely related to LVEF (r-0.30, p < 0.05) and directly related hospital stay (r 0.29, p < 0.05). CA 125 levels at admission were higher in subjects with adverse events on follow up (88.9 AE 200 vs 20.9 AE 30 U/ml, p < 0.05). CA 125 could thus be a useful marker for early risk stratification in patients with TS.
Mechanic hypothesis
Anatomical variations in sympathetic innervations and adrenergic receptor density with differential dynamic response to emotional/physical stress has been suggested as another hypothesis for Takotsubo syndrome. 31, 32 High local concentration of norepinephrine might results in apical hypokinesia and increasing mechanical stress at the apex. The end result would be an increasing LV end diastolic pressure and ballooning of the apex.
Serum interleukins 6 and 10 (IL-6 & IL-10) levels in TS
Systemic inflammation has been hypothesized as a possible mechanism of TS. Concept of inflammation is supported by the presence of myocardial oedema at CMR and immune cell infiltration with band necrosis on myocardial biopsy in TS. Serum IL-6 and IL-10 are markers of inflammation. 33 The serum levels of IL-6 and IL-10 in 56 TS patients were measured at admission and on follow-up (mean period of 178 days). 34 Serum IL-6 and IL-10 levels were higher in subjects with adverse events at follow up (IL-6:120 AE 294 vs 22 AE 40 pg/ml; p < 0.05; IL-10:13 AE 35 vs 2 AE 3 pg/ ml, p < 0.05). The elevated levels of IL-6 and IL-10 were associated with higher adverse events as well as higher mortality rates, even after correction for age, LVEF and NT-proBNP levels in multivariate Cox-analysis. Inflammation could thus be a mechanism in the pathogenesis of TS. Inflammatory cascade could be proportionately heightened by myocardial catecholamine damage. Serum IL levels might act as additional prognostic marker in TS. Rate of adverse events is higher when both IL-6 and IL-10 are elevated compared with elevation of either IL-6 or IL-10 alone. 
Clinical profile of TS
Primary TS predominantly occurs in postmenopausal female which forms 90% of the total cases. The chief complaints are chest pain (75%), dyspnoea (26-46%), palpitation and syncope following a severe emotional (28-40%) or physical event (36%) which triggers the cardiac events. 1, 10 No trigger is found in about 30% cases. The gender, menopausal status and presence of trigger are, however, not mandatory. About 10% of cases in the largest series (NIS-USA) were men and young women; 35% were without any trigger 8, 9 . Coexisting neurological and psychiatric disorders may be present in 46% patients. 10 Physical examination may reveal tachycardia, hypotension and pulmonary oedema. Table 2 summarizes the clinical profile of TS in two recent studies.
Electrocardiogram (ECG)
ECG reveals abnormal findings in over 95% patients in the form of ST elevation (43%) or ST depression (8%), T wave inversion (50%) and prolonged QTc interval (!400 ms). If QTc prolongation is pronounced (>500 ms), there is danger of life threatening ventricular tachycardia, torsade de pointes and ventricular fibrillation.
18,19 ECG cannot reliably differentiate between transient apical ballooning syndrome of TS from acute coronary syndrome or myocardial infarction.
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Cardiac biomarkers
During acute phase, serum natriuretic peptides (BNP and NTproBNP) are always increased along with troponin. BNP and NTproBNP may be increased 3-5 times (much more than troponin) and are considered more useful diagnostic biomarkers for the diagnosis of TS. In a recent study of cardiac biomarkers in TS and STEMI patients, the concentration of NT-proBNP was greater in TS versus STEMI (4702 pg/ml vs 2138 pg/ml respectively) while troponin and CKMB mass were lesser in TS vs STEMI (Troponin 2.1 ng/ml and CKMB Mass 9.5 ng/ml in TS v/s Troponin 19 ng/ml and CKMB mass 73.3. ng/ml in STEMI 22 ( Table 3 ). The authors concluded that simple biomarkers can distinguish TS from STEMI and the most important accurate marker was ratio of NT-proBNP and Troponins. 37 Other biomarkers like serum catecholamine, neuropeptide and serotonin are elevated in TS but are usually not measured in routine investigations.
Echocardiography (ECHO)
Transthoracic echocardiography with colour Doppler is always the first imaging procedure in the diagnosis of TS. 38 The key ECHO findings in TS consist of a large area of regional wall motion akinesia of LV extending beyond the territory of single coronary artery. 39 The dyskinetic/akinetic myocardial area usually involves apical portion of LV resulting in acute apical ballooning along with dilatation of mid ventricular area. Left ventricle ejection fraction (LVEF) is always compromised and reduced (20-45%). There is a high prevalence of mitral regurgitation (MR) in TS with or without systolic anterior motion (SAM) of anterior mitral leaflet. Left ventricle outflow tract (LVOT) obstruction can be demonstrated in patients with severe acute cardiac failure. 22 Special modern tools of ECHO include real time three dimensional and contrast echocardiography.
Angiography
Coronary angiography is urgently indicated to rule out obstructive ACS (STEMI/NSTEMI). In TS, no obstructive pathology is found; thrombus or plaque rupture is absent. Coexisting mild atherosclerosis without obstruction has been described in <10% cases of TS but fails to explain the severe LV wall abnormality seen in TS. 1 Computed tomography angiography (CTA) is performed using 64 slice computed tomography scanner and is regarded as the best method to diagnose myocardial bridging. 17 
Cardiac magnetic resonance (CMR)
CMR provides 3-dimensional view of the anatomy of LV as well as RV. Four major anatomic patterns of regional wall motion abnormality (RWMA) have been recognized-apical ballooning (81.7%), midventricular (14.6%), basal or inverted (2.2%) and focal (1.5%). Table 4 and Fig. 1 summarizes the anatomical variation in the patterns of RWMA. TS involves RV in about 25-30% patients and can be recognized by CMR.
1 CMR is indicated in TS, first within 7 days and then at 2-6 months to judge the recovery of RWMA. 40, 41 Late gadolinium enhancement (LGE) can be demonstrated in acute myocardial infarction (and acute myocarditis) but is typically absent in TS.
Miscellaneous procedures
These research tools include myocardial perfusion imaging (SPECT), positron emission tomography (PET) and endomyocardial biopsy.
Diagnostic criteria
Many National TS Registries have laid down their own criteria for the diagnosis of TS. Mayo clinic criteria were modified and are widely accepted. 36 All the four criteria of Mayo clinic must be fulfilled. European Heart Failure Association (EHFA) have further amended and established seven criteria. 1 Table 5 compares the Mayo clinic and EHFA criteria for TS. Two main conditions which warrant differentiation from TS on urgent basis are acute coronary syndromes and acute myocarditis. Various differentiating criteria are summarized in Table 6 .
Prognosis
Primary TS was originally regarded as a benign condition with good prognosis with complete recovery of EF in 95.7% patients. 42 However TS is now considered a more serious condition and life threatening acute cardiac complications may develop in the clinical course of Takotsubo syndrome. 43 These include pulmonary oedema due to acute LV failure, LV out flow tract obstruction (LVOT) [22] , severe mitral regurgitation (MR), 44, 45, 46 cardiogenic shock, life threatening arrhythmias, 18 thrombus formation in the akinetic portion of LV and LV wall rupture. 47, 48 Each complication requires specialized medical or surgical management.
Mortality
In a large meta-analysis of 2120 patients out of 37 studies from 11 different countries the in-hospital mortality of TS was 4.5% (95% CI, 3.1-6.2, 12 = 60.8%). 3 In a recent study on trends in hospitalization of TS in USA, the in-hospital mortality was 1.1% in primary TS and 3.2% in secondary TS which was associated with a higher incidence of cardiogenic shock, respiratory failure and cardiac arrest. Mortality was higher in men compared to women in TS. 
Indicators of high risk
1 Age <75 years 2 Presence of serious complications e.g. pulmonary oedema, hypotension, serious arrhythmias 3 LVEF <35% 4 Presence of MR/LV wall rupture, apical thrombus 5 Bi-ventricular involvement 6 ECG: QTc > 500 ms 7 BNP ! 600 pg/ml, NT-proBNP ! 200 pg/ml
Management of primary takotsubo cardiomyopathy
No randomized clinical trials (RCTs) exist to support any specific therapy for TS. Fortunately TS has a favourable prognosis and majority cases recover in 3-6 months. Hence major aim of therapy is to sustain life and give supportive treatment to tide over the complications. 49, 50, 51 Table 7 shows a summary of drugs usually prescribed during acute phase and follow up treatment of Takotsubo syndrome (Brunetti et al.) . 49 The patients should be managed in ICU/CCU. Urgent coronary angiography, echocardiography and biochemical assessment should be performed to make a correct diagnosis and assessment of risk stratification. Over 90% patients without serious risk factors recover in 3-6 months.
Patients with LVEF >45% need supportive therapy with cardioselective beta blockers (carvedilol or metoprolol), aspirin, ACE inhibitors and statins. If LVEF is 35-45% beta blockers with/without ACEI inhibitors or ARBs may be indicated. 10, 11 Airway obstruction, if severe, is a contraindication for beta blockers. Patients with complications and LVEF <35% need specialist care and management for cardiogenic shock, pulmonary oedema and arrhythmias. Prevention and treatment for apical thrombus may be necessary using heparin (Flowchart 1 ).
(A) Cardiogenic Shock Sympathomimetic drugs like nor epinephrine, dopamine, dobutamine are avoided or contraindicated. Mechanical support in form of intra-aortic balloon counterpulsation (IABP) may be required after careful assessment for LVOT obstruction. Others may need LV Assist Devices (LVADs) and extra-corporeal membrane oxygenation (ECMO).
1 Prevention of thromboembolism is achieved by use of low molecular weight heparin (LWMH). Intravenous levosimendan and milrinone have been employed with good results. Levosimendan is a new catecholamine sparing positive inotropic drug. It is a calcium sensitizer and K-ATP channel opener and used in the management of heart failure. It increases myocardial contractility and has anti-stunning anti-ischemic effects. Levosimendan is given as a 10 min loading dose (4-6 ug/kg) followed by infusion for 24 h (0.1-0.2 ug/kg/min). IV infusion of Levosimendan is associated with decrease in plasma endothelin level. Levosimendan is useful in acute heart failure and cardiogenic shock of Takotsubo syndrome. 52, 53 (B) PULMONARY ODEMA due to acute left ventricular failure (LVF) is treated with standard decongestive medical therapy.
(C) ARRHYTHMIAS Arrhythmias require careful monitoring during hospitalization.
(i) Atrial fibrillation (AF) is responsible for about 20% of all arrhythmias in TS. Treatment includes beta-blockers and anticoagulation. Correction of hyperkalaemia associated with TS often results in spontaneous cardioversion of atrial fibrillation.
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(ii) Ventricular arrhythmias: may be life threatening when QTc exceeds 500 ms. Madias et al. 33 has reported an incidence of 8.6%. Life threatening arrhythmias (LTA) included torsade de pointes (Tdp) and ventricular tachycardia/fibrillation (VT/VF). Migliore et al. 19 assessed the incidence of LTA during acute and subacute phase in 61 consecutive cases of ABS. LTA was diagnosed in 3 patients (4.9%). All three patients of Tdp required external defibrillation and two required implantable cardioverter defibrillator (ICD). Two patients developed AV block and required temporary pacing followed by permanent pacemaker implantation (PPM). ICD/PPM were not needed after 4-6 weeks in all 4 patients. QTc > 500 ms and giant negative T waves were seen in all 3 patients with LTA. Constant monitoring is requires because QTc interval may change day to day during initial 4-6 weeks. QTc > 500 ms tends to develop in patients with bradyarrythmias, hypokalemia and hypomagnesaemia and it may be necessary to correct biochemical deficiency of potassium and magnesium to reverse Tdp. Temporary ventricular pacing is necessary in most cases to control Tdp. Implantable cardioverter defibrillator (ICD) is usually required for 4-6 weeks. ECG abnormalities & RWMA usually disappear on follow up of patients after 4-6 weeks.
Atrioventricular block (AV block)
AV block requires temporary pacing during hospitalization. Few may require permanent pacemaker (PPM).
(D) Prevention/Treatment for apical thrombus by IV heparin or LWMH.
(E) LVOT Obstruction: IV beta blockers may be beneficial (F) MITRAL REGURGITATION: needs symptomatic management; role of surgery is debatable. (G) Ventricular rupture Left ventricular rupture in the form of free wall rupture or septal perforation is rare but life threatening. It is associated with LVOT and high intramural pressure. Mortality is 80-90%. Beta blockers have a role in reducing LVOT and preventing cardiac rupture.
Prevention of recurrences by drugs
TS is normally regarded as a transient dysfunction of left ventricle with complete recovery in 4-8 weeks in over 90% patients. Recurrence is rare but does occur. In a large study of 1750 patients of TS, a recurrence rate of 1.8% per year was found. 10 In a meta-analysis of 31 studies involving 1664 patients, Singh et al. 55 reported a cumulative recurrence rate of 5% at 6 years with an annual rate of 1.5%. Kato et al. 56 in a recent meta-analysis of 3513 patients, recurrence rate was varying 0-10% in the 16 studies. Factors predictive of recurrence were severe LV dysfunction, increased susceptibility to emotion or physical stress, dynamic variation in the sensitivity of cardiac adrenergic receptors and females under 50 years. Multiple recurrences of TS has also been reported. 57 The efficacy of various drugs for the prevention of recurrences of TS has been studied in a recent meta-analysis of 8 studies involving 511 patients (Santoro et al.) . 58 Beta blockers were most frequently employed for this purpose. The recurrence rate was In contrast Singh et al. 55 in a meta-analysis concluded that ACEinhibtors, rather than beta-blockers may reduce the risk of recurrence. In a more recent meta-regression analysis of drug treatment rates with beta-blockers (BB) and ACE-inhibitors (ACEI)/ angiotension receptor blockers (ARBs) and recurrences of TS, Brunetti et al. 59 found a significant regression between rates of prescription of ACEI and rate of recurrence of TS. The regression was not statistically significant for beta-blockers. Hence ACEI may be more effective than BB in reducing the recurrence of Takotsubo syndrome.
Management of secondary TS
Secondary TS develops in critically ill patients admitted to intensive care unit. The incidence is underestimated because coronary angiography is usually avoided/contraindicated in such patients. Diagnosis is suspected by elevation of NT-proBNP, extensive RWMA beyond distribution of one coronary artery and by cardiac MRI. Dopamine and nor-adrenaline drip for hypotensive state further aggravates TS. Prognosis of secondary TS remains uncertain and grave. Treatment after suspicion is similar to primary TS.
Conclusions
TS can be classified as primary or secondary depending upon the trigger and existing major medical, surgical or psychiatric disease. Primary TS is diagnosed in 1-2% of patients admitted for ACS. The diagnosis should be based on Modified Mayo clinic criteria or European Heart Failure Association criteria. Primary TS commonly affects postmenopausal elderly women. Co-existing neurological or psychiatric illness are encountered frequently in TS. Elevated NT-proBNP and ratio of NT-proBNP and troponin are indicative of TS. Echocardiography, coronary angiography and cardiac MRI are useful tools in the diagnosis of TS. Prognosis of TS is generally good in over 90% patients. Risk stratification and proper management of life endangering complications are essential steps in management. Treatment may include beta blockers, LMWH, levosimedan, IABP, mechanical ventilation, LVAD and ECMO. Inhospital mortality varies 1.1-4.5%. TS has a recurrence rate of 5-10% on 5 year follow-up.
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